Intra prediction is the most important part of intra coding that could remove spatial redundancy to enhance the efficiency of video compression. This paper proposes a novel algorithm to speed up intra mode selection and reduce time consuming for AVS2. The proposed algorithm adopts sobel operator to obtain the texture orientation of the predicted unit (PU), selecting 11 possible modes that is adjacent to the angle of PU. Then these modes and four special modes are handled by Hadamard transformation that select 9 modes from all modes to form the candidate pattern list. Overall, it could reduce about 30% encoding time with about 0.5% loss of BD-PSNR for 1080p resolution.
INTRODUCTION
AVS2 is made by Chinese Digital audio and video coding technology standard working group whose primary application is ultra high definition video, supporting 4K resolution and high dynamic range video [1] . The test results show that the performance of AVS2 is similar with HEVC in the digital television broadcasting (progressive), realtime communication and digital cinema or static image domain. But in the digital television broadcasting (interlaced) and video surveillance applications, the performance of AVS2 is superior to HEVC.
The AVS2 was composed of intra and inter code [2] . And the core of intra frame code is Intra-Prediction, which means that the samples of macroblock are predicted by using only information of already transmitted macroblocks of the same frame. It removes spatial redundancy by predicting current pixels with coded pixels in same frame.
Harrison first put forward Intra prediction in video code and it has been improved greatly to reduce time waste. Its specific steps are as follows [3] [4]:
• Determine whether the adjacent pixels of current TU are available for prediction and do processing for next step; • Filter the reference pixels of current TU;
• Calculate predicted pixels of cuurrent TU according to filtered reference pixels.
The most complicated and significant procedure is the third step that selects suitable intra modes from 35 modes to form candidate pattern list. In AVS2, the algorithm of RMD is applied to each Prediction Unit(PU), roughly picking up 9 modes as candidates for Rate Distortion Optimized(RDO) calculation. Then the most optimal mode is elected based on the results of RDO. This procedure needs to calculate RDO result of each mode that needs a lot of time. In order to accelerate intra prediction, the candidate modes list should be selected as soon as possible [5] .
Apart from DC mode, each mode corresponds to a texture direction. One way to speed up is Fast RMD in HEVC that obtains angle prediction mode of current PU [6] . The average gradient values of each pixel in current predicted PU are calculated by sobel operator and the angle is figured out to choose 5 adjacent modes. Combined with special modes, these modes are regarded as candidate modes.
The rest of this paper is organized as follows. In section 2, a novel algorithm is proposed. To test the performance of proposed method, it is compared with other methods and experimental results are shown in section3. Section 4 conclude this paper.
PROPOSED ALGORITHM
A fast intra prediction mode selection algorithm is proposed that combines texture information with spatial correlation. The algorithm obtains texture information of current PU by sobel operator and select adjacent modes as candidate modes to choose a best optimal mode.
Sobel Method
Sobel operator is mainly applied to edge detection. Technically, it is a discrete difference operator, which is used to calculate the approximate gray value of luminance. The factors of sobel convolution are shown in Figure. 1.
The two factors Gx and Gy represent horizontal and vertical direction respectively. The difference of luminance of each direction can be obtained by convolution between factors and image. For example, the values of original image A are obtained in equation (1) and (2).
Gx Gy Figure 1 . The factors of Sobel convolution.
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Then the detailed computation process of convolution is as follows: 
After getting Gx and Gy, the gradient value and direction of each pixel can be obtained by equation (5) and (6) .
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RMD Method
In AVS2, there is a fast RMD method in intra prediction. It first does RMD selection for each PU to select 9 modes as candidates of RDO. Then the best optimal mode would be elected based on results of RDO.
There are 33 prediction modes to get the prediction samples in Table. I, index 0, 1 and 2 correspond to DC mode, plane mode, and bilinear mode. The size of luminance prediction block is shown in Fig 2. The other modes are called angular prediction modes. The direction of each mode is shown in Fig.3 . In RMD, it would set the most probable mode (MPM) and the calculation of cost function. The rules of MPM are as follows [7] :
• If the upper mode is unavailable, DC mode is set;
• If the left mode is unavailable, DC mode is set;
• If the upper and left mode is available, the lower one is set to fists MPM and another is second one; • If the upper and left modes are available and the same, and the left mode is not the DC pattern, the first MPM is set to the DC mode, the second to the left pattern, or the second MPM to the bilinear interpolation pattern After the selection of MPM, the cost function would be computed with equation (7).
The SATD is the Sum of Absolute transform Difference. pred λ is Lagrange coefficient and pred B is required encoding bits of current predictive mode [8] . Because the size of luminance prediction block can be either 2 
Improved Fast RMD Method
In order to obtain angular information by sobel operator, the angle of mode 3-32 of the novel fast RMD method is set to -67. In this way, the angular prediction mode can be obtained by sobel operator. The gradient value of each pixel in current PU is calculated by using the Sobel operator introduced previously, and the average value of Gx and Gy (the pixels of the PU) is calculated with equation (8) and (9);
The angle of PU is obtained with equation (8),which is compared with the angle of mode 3-32 shown before to select the nearest 11 modes.
These 11 modes, DC, Plane, Bilinear, Vertical and Horizontal mode constitute the list of candidate. Then all these 15 modes are handled by Hadamard Transform to select 9 modes for the calculation of RDO.
However, not all CU has 9 candidate prediction modes. The number of candidate prediction patterns should be adjusted on the basis of the size of CU. The corresponding relationship between the size of CU and the number of candidate modes is shown in Table II . The resource of proposed algorithm is shown in Table III.   TABLE II. THE 1080p. There is less improvement for 480p resolution that encoding time only reduce by about 15%. And the loss of PSNR for 240p is more than 1%. It can be conclude that the proposed algorithm could reduce encoding time for all sizes and the performance of high resolution is better. As for the test on FPGA, the results are shown in Table. V. Because of the limit of RAM and Memory on FPGA, this paper only analyse the sequence of 416*280. Experimental results shows that the proposed algorithm can reduce about 20% encoding time with about 1.2% loss of BD-PSNR.
CONCLUSION
In this paper, we proposed a novel Fast RMD method for AVS2. The algorithm uses sobel operator to estimate the texture direction of current PU, which is applied to calculate the angle of PU via the average of Gx and Gy. Then the adjacent prediction modes and special modes that are handled by Hadamand Transform are selected to form the list of candidate RDO modes. And the candidate number of RDO is different for distinct CU size. In this way, the proposed algorithm can reduce the number of candidate in the Fast RMD selection and accelerate the process of intra mode selection.
